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Abstract: The present study investigated the properties and antimicrobial activity of silver nanoparticles synthesised
through a green method using Salvia officinalis. Extracts were obtained from sage at two different temperatures, and these
extracts were then used to synthesise silver nanoparticles through a reaction with AgNOj;. The characteristics of resulting
silver nanoparticles and their antimicrobial effects on foodborne pathogenic bacteria were examined. During the synthe-
sis, the colour of the silver nanoparticle solution changed from yellow to dark brown, and a significant absorbance peak
was observed at 360 nm. The sizes of the synthesised silver nanoparticles were found to be 53.77 and 57.08 nm for the
two different extraction temperatures, respectively. The nanoparticles exhibited spherical-rod shapes with silver contents
of 83.91% and 84.38% and crystal sizes of 37.15 nm and 34.81 nm, corresponding to the two temperatures. The reduc-
tion of silver ions involved functional groups like C=C or C=0. The antimicrobial activity of the synthesised silver nanopar-
ticles was evaluated at concentrations of 10 and 25 mg-mL using the paper disc method against several foodborne patho-
genic bacteria. Notably, the sage extract displayed antimicrobial efficacy against Salmonella Typhi, Listeria monocytogenes,
and Staphylococcus aureus. However, no significant antimicrobial effect was observed against Escherichia coli O157:H7.
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Nanoparticles form through the combination and
crystallisation of atoms within the range of 1-100 nm.
In recent times, significant research has been directed
towards the biological-green synthesis method. In this
innovative approach, nanoparticles are synthesised
through reactions involving extracts derived from
plants and microorganisms, along with metal salts.
Unlike conventional techniques, the biological method
offers distinct advantages such as cost-effectiveness,
accessibility, and applicability in food and healthcare,
primarily attributed to its non-toxic nature (Kumar
et al. 2019; Nazri and Sapawe 2020). Considering the
general explanation of the antimicrobial activity of sil-

ver nanoparticles (AgNPs), it can be observed that
biologically synthesised nanoparticles adhere to bacte-
rial cells and subsequently damage the cell membrane
by weakening it. Upon penetration through the cell
membrane, AgNPs stimulate reactive oxygen species
(ROS) production, leading to protein and antioxidant
deterioration within the bacterial cell. This process re-
sults in DNA damage, glutathione reduction, height-
ened oxidative stress, and a subsequent reduction
in adenosine triphosphate (ATP) levels. Consequently,
the proliferation of bacterial cells is impeded, ultimate-
ly inducing cell death, as demonstrated by Herndndez-
Morales et al. (2019).
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Sage (Salvia officinalis) is a shrub-shaped plant belong-
ing to the Lamiaceae family within the Lamiales order.
It is distributed in various species across America, Asia,
and Mediterranean countries. Various spices and herbs,
such as S. officinalis, can be utilised in nanoparticle syn-
thesis through biological methods. S. officinalis is a plant
species containing crucial phenolic components in its
structure. It encompasses diverse phenolic compounds,
including gallic acid, kaempferol, naringin, quercetin, gly-
cosides, apigenin, flavone, rosmaric acid, catechin, and
caffeic acid, within its extract. Vitamins, proteins, amino
acids, and polysaccharides found in these plants facilitate
the formation of nanoparticles, while alkaloids, terpenes,
glycosides, and flavonoids are involved in the reduction
of silver ions and the stability of nanoparticles (Paiva-
Santos et al. 2021; Takgi et al. 2023).

The present study synthesised nanoparticles from
extracts of S. officinalis obtained at two different ex-
traction temperatures: 20 and 60 °C. The properties
of the synthesised nanoparticles, including size, shape,
phenolic group content, element composition, and
crystal structure, were determined. Simultaneously,
the antimicrobial effects of AgNPs on foodborne path-
ogenic bacteria such as Staphylococcus aureus, Listeria
monocytogenes, Salmonella Typhi, and Escherichia coli
0157:H7 were investigated.

MATERIAL AND METHOD

Plant material. The sage plant was supplied dried
from Kiitas Tarim Uriinleri Dis Tic. ve San. A.S. com-
pany. Following the grinding process, ground sage was
stored in glass jars in a cool environment. Staphylo-
coccus aureus (ATCC 12600), Listeria monocytogenes
(ATCC 7644), Salmonella Typhi (ATCC 14028), and
Escherichia coli O157:H7 (ATCC 25922) bacteria cul-
tures were sourced from the Department of Dairy
Technology, Faculty of Agriculture, Ege University.

Preparation of S. officinalis extract. The sample
was processed using room temperature (20 °C) and
60 °C. A quantity of 10 g of sage plant material was
employed, to which 100 mL of distilled water was add-
ed. After thoroughly mixing in a shaking incubator
at 130 revolutions per minute (rpm) for 20 min at both
specified temperatures, the resultant extract was fil-
trated through Whatman No. 1 filter paper. Following
filtration, centrifugation was performed at 4 100 rpm
for 10 min using a NUVE NF 800 R centrifuge (Tiir-
kiye). The upper phase of the centrifuged extract was
collected, producing the extract designated for em-
ployment in the forthcoming study.
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Silver nanoparticle synthesis. To synthesise AgND,
a solution of 90 mL 1 mM AgNO, (423952; Carlo
Erba, Italy) was combined with 10 mL of sage extract.
The mixture was agitated at 130 rpm and ambient
temperature for 20 min. This process was carried out
in a light-proof shaking incubator. After the mixing
phase, the solution was placed in a dark environment
and allowed to stand for 1 h. This led to an observ-
able colour transition from yellow to dark brown.
To impurify the AgNPs, the solution was centrifuged
at 4 100 rpm for 25 min, the top phase was discarded,
and the washing process was performed by adding pure
water to the remaining part. After the washing process
was repeated several times, the AgNPs were taken into
Petri dishes, dried in a vacuum oven at 65 °C, and kept
in a dark environment under room conditions, ready
for use in the analysis.

Characterisation of synthesised silver nanoparti-
cles. In the synthesis of AgNPs, spectral analysis was
conducted to observe the colour change resulting from
the reduction of silver. Spectrophotometric analysis
of the extract and nanoparticles was carried out using
a spectrophotometer (UV-1601 UV-Vis; Shimadzu, Ja-
pan), covering a wavelength range of 200 to 1 000 nm.
The acquisition of spectra was performed against pure
water at a moderate speed. Scanning electron micros-
copy (SEM) (Gemini 500; Zeiss, Germany) was em-
ployed to determine the morphological structure of the
AgNPs. At the same time, energy-dispersive X-ray
spectroscopy (EDX) was utilised to confirm the pres-
ence of silver and other elements (Gemini 500; Zeiss,
Germany). The SEM analysis utilised carbon tape, and
the gold coating was applied under vacuum conditions
to enhance nanoparticle conductivity. Image] software
(version 1.53t) determined particle size, and a histo-
gram graph was generated using the Statistical Package
for the Social Sciences program (IBM SPSS Statistics,
version 27). The synthesis of AgNPs involves the reduc-
tion of silver using functional components from plant
extracts. fourier transform infrared (FTIR) analysis was
conducted using the Thermo Scientific Nicolet IS20 in-
strument (Thermo Fisher Scientific, USA) to identi-
fy the functional groups responsible for this reduction.
The study encompassed the 4 000 to 400 cm™ range
to analyse functional groups.

To determine the crystal structure and size of the
compounds present in the AgNPs, the analyses were
conducted using the PANalytical EMPYREAN-
branded X-ray diffraction (XRD) instrument (United
Kingdom) over a 5 < 26 > 85° (20 — angle between
transmitted beam and reflected beam). The nanoparti-
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cles' crystal size was determined by utilising the Debye-
Scherrer Equation 1:
Kx\

b= B cos6 M

where: D — particle size (nm); K — constant value (0.9);
L — X-ray wavelength (A) (1.54060); B — half-width
at the maximum peak value (FWHM) (rad); 6 — angle
of the maximum peak height (rad).

Antimicrobial properties of synthesised silver
nanoparticles. The cultures were activated in 10 mL
of tryptic soy broth (105459; Merck, Germany)
and then incubated at 37 °C for 24 h. Subsequently,
0.1 mL of this culture was transferred onto a Petri dish,
and around 15 mL of tryptic soy agar (105458, TSA;
Merck, Germany) was added to prepare the medium
for the antimicrobial tests. AgNPs were synthesised
at 10 and 25 mg-mL~! concentrations, and their anti-
microbial activity was assessed using the paper disk
method. The nanoparticle solution was prepared with
sterile distilled water and subjected to ultrasonic treat-
ment in a water bath for 1 h to ensure a homogene-

(A)

ous distribution. This AgNP solution was then applied
to filter paper disks and positioned on the agar plates.
A chloramphenicol antibiotic disk (30 pg; Bioanalys,
Tirkiye) was used as a positive control, while the ex-
tract concentration was set at a 1:1 ratio for the nega-
tive control.

Statistical analysis. The study was conducted in two
parallel sets with three replicates each. The obtained
microbiological analysis results were analysed using
the multivariate analysis of variance (MANOVA) test
in the SPSS program, and values below P < 0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

Properties of silver nanoparticles obtained from
S. officinalis extract. The AgNP solutions, synthe-
sised from aqueous S. officinalis extracts prepared
at 20 and 60 °C, exhibited identical colour change
times. The 20 and 60 °C extracts displayed maximum
peaks at 395 and 410 nm, respectively. Similarly,
the peak wavelengths of the spectra for AgNPs synthe-
sised at these temperatures were identified at 360 nm
(Figures 1 and 2). The absorbance values of AgNPs ob-

(B)

Figure 1. Spectrum graph of (A) sage extract and (B) sage silver nanoparticles solution prepared at 20 °C

(A)

(B)

Figure 2. Spectrum graph of (A) sage extract and (B) sage silver nanoparticles solution prepared at 60 °C
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Figure 3. Scanning electron microscopy results of nanoparticles obtained from the extract at 20 °C: (A) 200 000 mag-

nification and (B) histogram graph of nanoparticle size

SD - standard deviation; N — number of measured nanoparticles

tained in some studies are in the range of 310-430 nm,
and the absorbance values obtained in our study also
fall within this range (Sehnal et al. 2019, Okaiye-
to et al. 2021, C)demis et al. 2022, Takg1 et al. 2023).
The sizes and shapes of AgNPs are significantly af-
fected by factors such as reaction temperature, pH,
plant components, and metal concentration (Rana
et al. 2020; Al-Khattaf 2021). In this particular study,
the pH of the sage extract was determined to be 6.6,

and the average dimensions of the AgNPs obtained
from this extract were investigated using SEM.
The mean sizes of AgNPs synthesised from extracts
prepared at 20 and 60 °C were measured as 53.77 and
57.08 nm, respectively. Notably, the nanoparticles ex-
hibited a spherical-rod morphology at both tempera-
tures (Figures 3 and 4). Barbinta-Patrascu et al. (2013)
used ultrasonic irradiation to obtain sage silver nano-
particles. The morphology (size and shape) of phytosil-
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Figure 4. Scanning electron microscopy results of nanoparticles obtained from the extract at 60 °C: (A) 200 000 mag-

nification and (B) histogram graph of nanoparticle size

SD - standard deviation; N — number of measured nanoparticles
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ver nanoparticles was evaluated by the SEM, which
revealed the formation of spherical phytonanoparticles
with a size of less than 80 nm. The present study ob-
served that AgNPs synthesised at 60 °C were slightly
larger than those synthesised at 20 °C. Hernandez-Pin-
ero et al. (2016) indicated that both temperature and
plant selection impact the size of the resulting AgNPs,
with higher temperatures leading to smaller AgNPs
forming. Therefore, it may be possible to synthesise
AgNPs with a certain diameter range by changing pa-
rameters such as different plant species, reaction tem-
perature, and pH.

In a study involving the S. officinalis plant, nanopar-
ticle sizes were determined to be 41 nm using TEM,
and their shape was observed to be spherical according
to SEM (Okaiyeto et al. 2021). The results of the pre-
sent study are consistent with previous research on bi-
osynthesised AgNPs from various medicinal plants,
highlighting the prevalence of spherical-shaped nano-

particles (Sankar et al. 2013; Aldosary and Abd El-Rah-
man 2019; Pirtarighat et al. 2019; Tailor et al. 2020).
Previous studies have emphasised the superior efficacy
of spherical-shaped nanoparticles over rod-like or hex-
agonally-shaped ones. The biological effectiveness
of AgNPs is heavily influenced by their size and surface
area; smaller nanoparticles possess larger surface areas
than larger ones (Zhao et al. 2017).

EDX analysis was performed to determine the ele-
ments of AgNPs synthesised from extracts at 20 and
60 °C. EDX nanoparticle results showed strong peaks
of silver at 3 eV, while weak peaks outside silver were
thought to be primarily due to the sage plant and the
carbon tape used during the analysis. The results are
given in Figure 5.

Albeladi et al. (2020) reported the silver content
of the AgNPs obtained from S. officinalis to be 80.47%,
and Okaiyeto et al. (2021) reported the silver content
of the AgNPs obtained from S. officinalis to be 60.97%.
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Figure 5. Energy-dispersive X-ray spectroscopy result of the nanoparticles obtained from sage extract at (A) 20 °C

and (B) 60 °C

C — carbon; O — oxygen; Cl — chlorine; Ag — silver
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Figure 6. Fourier transform infrared spectrum of the sage extract at 20 °C

Compared to these other studies, the silver content
of the nanoparticles obtained in the present study
was higher.

The spectrum peaks of the sage extract at a tempera-
ture of 20 °C reveal the following vibrational modes:
2935 cm™ for the C-H stretching band, 2 858 cm™ for
C-H stretching (alkanes or secondary amines),
1589 cm™ for C=C (flavonoids and terpenoids)
or C=0 (proteins or amide I) stretching vibrations,
1389 cm™ for the C-N group (aromatic amine group),
and 1080 cm™ for C-O-C or C-O groups (amide-
linked carbonyl vibration). Additionally, the spectrum
peaks of AgNP's synthesised using this temperature
were determined to be 2 156, 2 032, 1 978, 1 595, 1 356,
1152, and 613 cm™!. Comparing the peaks of sage ex-
tract and AgNP, groups C=C, C=0, and C-N are con-
sidered effective in nanoparticle formation by reducing
silver (Figures 6 and 7).

The spectrum peaks of the extract at a temperature
of 60 °C indicate the presence of specific functional
groups. The peak at 2935 cm™ corresponds to the

C-H stretching vibration of aliphatic groups. Peaks
at 1589 cm™ may be attributed to C=C vibrations,
indicating the potential presence of flavonoids and
terpenoids or C=0 vibrations, which could be asso-
ciated with proteins or amide I groups. Furthermore,
the peak observed at 1107 cm™ signifies the pres-
ence of C-O-C or C-O groups, which might be related
to carbon-oxygen-carbon linkages or amidic carbonyl
vibrations. The peak at 1029 cm™ suggests the pres-
ence of carbohydrates.

The spectrum of the silver nanoparticles synthe-
sised from this extract displays distinctive peaks. These
peaks are observed at 2 160, 2 017, 1 973, 1 587, 1 343,
and 617 cm™!. Comparing the obtained peaks, it is seen
that the C=C and C=0 groups play a significant role
in reducing silver (Figures 8 and 9).

Our results are compatible with the absorbance peak
values of the extract obtained from the S. officinalis
plant used in the Albeladi et al. (2020) and Okaiyeto
et al. (2021) studies. The change of peaks confirmed the
participation of plant extract compounds in the bio-
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Figure 7. Fourier transform infrared spectrum of the silver nanoparticles obtained from sage extract at 20 °C
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Figure 8. Fourier transform infrared spectrum of sage extract at 60 °C

synthesis of nanoparticles. Therefore, it can be argued
that the plant extract compounds containing CH and
CO groups are vital in reducing and stabilising NPs.
Examining the results of the present study, it was de-
termined that the groups that play a role in nano-
particle formation by reducing silver in sage extracts
prepared at 20 and 60 °C were C=C (flavonoids, terpe-
noids), C=0 (amide, protein), C-N (aromatic group),
C-O (aromatic group), and C-O-C (amide-bonded car-
bonyl vibration) (Figures 9 and 10). These functional
groups play a significant role as secondary metabolites
in reducing silver (Ag) and maintaining nanoparticle
formation stability (Paiva-Santos et al. 2021). When
comparing our results with those of previous stud-
ies, it was observed that the groups involved in Ag
reduction were analogous. Simultaneously, these
groups remained unaffected by variations in the ex-
traction temperature.

The calculated average crystal size of AgNPs, synthe-
sised from the extract at 20 °C, was 37.15 nm, with
the nanoparticles exhibiting a surface-centered cubic

structure. The XRD analysis displayed distinct peaks
at 38.18, 44.36, 64.48, 77.43, and 81.58° on the 20 scale.
The corresponding Bragg diffraction planes for these
angles were identified as (111), (200), (220), (311), and
(222), respectively (Figure 10A). The mean crystal size
of AgNPs synthesised from the extract at 60 °C was
34.81 nm, and the nanoparticles exhibited a face-cen-
tred cubic structure. The peaks at 20 angles of 37.97,
44.14, 64.30, 77.23, and 81.37° were observed, corre-
sponding to the (111), (200), (220), (311), and (222) dif-
fraction planes, respectively (Figure 10B).

In a similar study conducted with S. officinalis,
XRD analysis measured the peak points at 20 angles
at 38.09, 44.29, 64.49, 77.43, and 81.64°. Subsequently,
applying the Debye-Scherrer equation to the data de-
termined that the resulting nanoparticles exhibited
a crystalline and spherical structure, with an average
particle size of 42.3 nm (Odemis et al. 2022). Gecer
(2021) identified the 26 values as 38.1, 44.3, 64.4, and
77.4° for Salvia aethiopis, corresponding to the (111),
(200), (220), and (311) reflections of the face-centred
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Figure 9. Fourier transform infrared spectrum of silver nanoparticles obtained from sage extract at 60 °C
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Figure 10. X-ray diffraction result of silver nanoparticles synthesised from sage extract at (A) 20 °C and (B) 60 °C

20 — angle between transmitted beam and reflected beam

cubic crystalline structure, known as Bragg's reflec-
tions. Our findings align with the previous study
by demonstrating similar properties in XRD analysis
for S. officinalis. The present study found that the aver-
age crystal sizes of sage nanoparticles obtained from
extracts at 20 and 60 °C were 37.15 and 34.81 nm, re-
spectively. The structures of these nanoparticles were
determined to be surface-centered cubic. When com-
paring the crystal sizes of the nanoparticles with the
SEM results, the average sizes of the nanoparticles syn-
thesised from extracts obtained at 20 and 60 °C were
53.77 and 57.08 nm, respectively. These values closely
aligned with the crystal sizes obtained from XRD anal-
ysis. The comparison of our results with previous stud-
ies revealed similarities in crystal sizes, diffraction
values, and peak points.

Antimicrobial activity of silver nanoparticles ob-
tained from S. officinalis extract. The concentrations
of bacterial cultures utilised to evaluate the antimicro-
bial efficacy were 9.9 x 10 CFU-mL™* (CFU - colony
forming unit) for S. aureus, 3.8 x 10% CFU-mL™" for
L. monocytogenes, 5.7 x 10° CFU-mL™! for S. Typhi, and
6.7 x 108 CFU-mL™ for E. coli O157:H7.

170

The chloramphenicol antibiotic disks, positive con-
trol, induced inhibition zones ranging from 19 to 30 mm
in diameter on the Petri dishes. The zone of inhibition
produced by the sage extract, utilised as the negative
controlin S. aureus and S. Typhi cultures, was measured
at 8 and 7 mm, respectively. It exhibited negligible effi-
cacy against other bacterial strains (Table 1). AgNPs de-
rived from the extract prepared at 20 °C demonstrated
a 9 mm zone of inhibition in the only S. aureus culture
at a concentration of 10 mg-mL™. AgNPs synthe-
sised at a 25 mg-mL~! concentration manifested a7 mm
inhibition zone in both S. aureus and S. Typhi cultures.
However, they exhibited limited effectiveness against
other bacterial strains. The AgNPs synthesised from
the extract at 60 °C exhibited no antimicrobial activ-
ity against the four tested bacteria at 10 mg-mL~! con-
centration. At a concentration of 25 mg-mL~!, these
nanoparticles generated a zone of inhibition measur-
ing 7mm in cultures of S. aureus, L. monocytogenes,
and S. Typhi. In contrast, the AgNPs derived from ex-
tracts synthesised at both temperatures did not affect
E. coli O157:H7. The results showed that two distinct
temperature-based sage extracts and the AgNPs syn-
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Table 1. Antimicrobial activity of silver nanoparticles (AgNPs) synthesised from sage
Zone of inhibition of sage (mm)
; : AgNP . .
Microorganism -1 20°C 60 °C
(mg:mL™)
CA E NP CA E NP
10 30 ND 9 20 ND ND
Staphylococcus aureus
25 25 8 7 21 8 7
o 10 19 ND ND 19 ND ND
Listeria monocytogenes
25 19 ND ND 19 ND 7
10 21 ND ND 21 ND ND
Salmonella Typhi
25 21 ND 7 21 7 7
o 10 21 ND ND 24 ND ND
Escherichia coli O157:H7
25 22 ND ND 23 ND ND

CA - chloramphenicol (30ug); E — extract; NP — nanoparticles; ND — not detected

thesised from these extracts were ineffective against the
pathogenic bacteria used in the study. The outcomes
of the statistical analysis indicated that the effect of var-
ying concentrations and nanoparticles derived under
different extraction temperatures on pathogenic bacte-
ria was deemed insignificant (P > 0.05).

Similar to our results, Taghavizadeh Yazdi et al. 2019
reported that AgNPs synthesised from Salvia leriifo-
lia revealed inhibition zones measuring 10.5, 10, 9,
and 7 mm against E. coli, P. aeruginosa, S. aureus, and
B. subtilis, respectively. In contrast, Barbinta-Patrascu
etal. (2013); Pirtarighat et al. (2019); Tailor et al. (2020);
Hatipoglu (2022); Takg1 et al. (2023) exhibited high an-
tibacterial activity against S. Typhimurium, P. aerugi-
nosa, S. aureus, and E. coli. The comparatively lower
observed antimicrobial activity in this study is hypoth-
esised to be primarily due to the low concentration
utilised. Analysis of the results indicated that the ob-
tained nanomaterials exhibit a spherical morphol-
ogy, are of minute size, and possess a notably high
silver content.

AgNPs, owing to their size, bind to cell membrane
proteins, thereby catalysing the generation of reactive
oxygen species during bacterial growth, causing ad-
verse effects on cells through oxidative stress (Al-Khat-
taf 2021). The antimicrobial activity attributed to the
release of silver ions can be elucidated through vari-
ous mechanisms, including forming reactive oxygen
species, disrupting cellular morphology, inactivating
crucial enzymes, DNA condensation, and interference
with DNA replication. Direct interaction between Ag-
NPs and bacterial cells disrupts the cell wall and mem-
brane, resulting in the release of cellular contents and
eventual cell death. Since the peptidoglycan layer in the

cell wall of Gram (-) bacteria is thinner, the cell mem-
brane is damaged more easily (Nayak et al. 2015; Rajesh-
kumar et al. 2017). As a result, the synthesized AgNPs
display discernible antimicrobial activity (Lopes and
Courrol 2018; Pallela et al. 2018). However, the results
obtained from the present study indicate that nanopar-
ticles derived from S. officinalis were ineffective at the
concentrations of 10 and 25 mg'mL‘1 used. Therefore,
future investigations might necessitate working with
higher inoculum concentrations.

CONCLUSION

Nanoparticles acquired through green synthesis
are deemed innovative, given their environmentally
friendly nature, cost-effectiveness, and practical-
ity. Therefore, despite the drawbacks of physical and
chemical methods, this method is gaining popularity
worldwide. The outcomes of this study demonstrate
that AgNP can be effectively derived from S. officinalis,
which is extensively cultivated in America, Asia, and
Mediterranean countries. The study revealed that the
characteristics of nanoparticles obtained under two
different extraction temperatures, as assessed through
UV-spectrophotometry, SEM, EDX, FTIR, and XRD,
exhibit substantial similarity, with notably high silver
content. Notably, synthesising sage metabolites, cru-
cial in reducing silver for nanoparticle synthesis, dis-
played no variation when using different extraction
temperatures. Conversely, the effect of sage extract
and AgNPs on pathogenic bacteria employed to ascer-
tain antimicrobial activity fell short of expectations.
This will likely impact the ease of conducting studies
on nanoparticle synthesis. In the present study, the ex-
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pected level of antibacterial activity not being achieved
is thought to be due to the concentration of the AgNPs
used despite their high silver content. Within this
context, further research is imperative to discern the
attributes of nanoparticles that can be derived from
plants rich in phenolic substances. Moreover, this
study has great economic, environmental and medical
significance since herbs and food wastes can be con-
verted into 'green’ metallic nanoparticles with high bio-
medical value.
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